###### Strengths and limitations of this study

-   Our research focused on more detailed categories, which were defined as clinically significant portal hypertension (hepatic venous pressure gradient (HVPG) ≥10 mm Hg) and severe portal hypertension (HVPG ≥12 mm Hg), and evaluated diagnostic accuracy.

-   We calculated the diagnostic accuracy of von Willebrand factor (vWF) and investigated the correlation between vWF and HVPG, the gold standard of portal hypertension, to demonstrate the comprehensive diagnostic efficiency of this non-invasive biomarker.

-   This meta-analysis involved a relatively small number of studies (ie, six studies) of which two were retrospective with low-level evidence, thus giving rise to restrictions in the test methods and cut-offs.

-   The eligible population of the included studies differed slightly in aetiology.

-   The between-study source of heterogeneity was not found in this meta-analysis.

Introduction {#s1}
============

Portal hypertension[@R1] (PH) accounts for the major complications of liver cirrhosis, including decompensation, ascites and variceal haemorrhage.[@R2] When decompensation occurs, the expected median survival is approximately 2 years.[@R4] Thus, for the management of patients with cirrhosis, the early diagnosis of PH is essential. Previous investigations[@R1] demonstrated that with adequate treatment after early diagnosis, the mortality of PH-related complications can be significantly reduced.

Recent guidelines recommend measuring the hepatic venous pressure gradient (HVPG)[@R6] for the diagnosis of PH.[@R3] A higher risk of varices, other PH-related complications and liver-related death has been found to be associated with clinically significant portal hypertension (CSPH) (HVPG ≥10 mm Hg).[@R7] Additionally, a higher risk of bleeding from varices is related to severe portal hypertension (SPH) (HVPG ≥12 mm Hg). However, HVPG is an invasive clinical index that can only be conducted in specialised centres. Thus, non-invasive biomarkers would be of great benefit for the diagnosis and prognosis of patients.[@R8] The significance of non-invasive markers that have entered the clinical routine provides evidence of their satisfactory specificity and sensitivity.[@R8] Furthermore, transient elastography (TE) based on FibroScan was recently described as a non-invasive tool for the diagnosis of PH in patients with liver disease.[@R9] However, the availability and costs of TE restrict its use in smaller hospitals.[@R9]

In cirrhotic livers, increased intrahepatic vascular resistance is considered to be associated with endothelial dysfunction.[@R7] The von Willebrand factor (vWF) antigen, a multimeric adhesive protein, is released by activated endothelial cells and is responsible for the endothelium interaction at sites of vascular injury and in platelets. Importantly, vWF levels are commonly elevated in patients with cirrhosis[@R10] and are considered to be a marker of endothelial dysfunction,[@R11] in which increased intrahepatic resistance and deteriorated PH occur. The procoagulant state has been shown to potentially predict hepatic decompensation in patients with cirrhosis.[@R12] The fluctuation of vWF values, which can be expressed as a ratio, gives an index of the procoagulant state,[@R12] which may independently exhibit intrahepatic vascular resistance. Thus, the potential association between vWF levels and procoagulant imbalance might further contribute to its predictive value of complications and mortality in patients with cirrhosis.[@R12]

Although several studies have evaluated the diagnostic performance of vWF to detect CSPH and SPH, some of them were retrospective studies with low-level evidence, and there was an evident lack of consideration of the correlation between vWF and HVPG. Thus, generating a more evidence-based systematic summary for the standardised management of patients with liver cirrhosis would be beneficial. Therefore, we performed this meta-analysis to determine the correlation between vWF and HVPG and to evaluate the diagnostic accuracy of vWF to detect CSPH and SPH in patients with liver cirrhosis.

Materials and methods {#s2}
=====================

Literature search strategy {#s2-1}
--------------------------

This meta-analysis was performed according to the recently published recommendations and checklist of the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) statement.[@R14]

A comprehensive electronic literature search was performed to identify original publications with relevant topics from MEDLINE, Web of Science, EMBASE and the Cochrane Library regarding the correlation between vWF and HVPG measurement and the diagnostic performance and its accuracy in diagnosing CSPH and SPH among patients with liver cirrhosis. The following key terms were used: ('vWF' OR 'von Willebrand Factor' OR 'von Willebrand Protein') AND ('cirrhosis' AND 'portal hypertension'). 'Liver cirrhosis' OR 'portal hypertension' was designed for identifying the patient group, while the 'vWF' OR 'von Willebrand factor' AND 'hepatic vein pressure gradient' were designed for the diagnostic index and its contrast. The full search strategy and keywords used in this research are shown in [online supplementary appendix methods](#SP8){ref-type="supplementary-material"}. A search in the bibliographies of the included articles was also conducted. There was no restriction on the beginning date of the literature search. We searched the literature published before 5 April 2018. All searches were restricted to 'English' and 'humans'. Additionally, the reference lists and cited articles of each study were manually checked to prevent duplication.
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Inclusion and exclusion criteria {#s2-2}
--------------------------------

The inclusion criteria were as follows: (1) study design: clinical trial or observational study; (2) population: patients with liver cirrhosis; (3) diagnostic measurement: vWF as the index test for diagnosis, while HVPG was a reference standard for comparison; (4) reference standard: CSPH should be defined as HVPG ≥10 mm Hg, and standard SPH should be defined as HVPG ≥12 mm Hg; (5) presence of sufficient data to obtain 2×2 contingency tables (ie, true positive, false positive, true negative and false negative) or the correlation coefficient between vWF and HVPG measurement; (6) full texts were accessible; and (7) trials reported in English.

Studies that met the following criteria were excluded: (1) study design: duplicate publication, literature review, systematic review, case report or case series; (2) experimental model: animal or cell; (3) outcomes were not available even after corresponding with the authors; (4) the study outcome was out of the field of interest of this meta-analysis; (5) studies that used other management techniques apart from HVPG as a reference standard; and (6) studies that were not in compliance with the inclusion criteria.

Study selection and quality assessment {#s2-3}
--------------------------------------

All studies were fully reviewed by two reviewers (XY and ZZ) according to the inclusion and exclusion criteria. Each reviewer selected the included studies independently in the review section. Any disagreements between the two reviewers were settled by consensus. If a consensus between the two reviewers could not be reached, a third author (XQ) was deferred to for arbitration and consensus.

The methodological quality was estimated using Review Manager V.5.3 according to the Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) criteria,[@R15] which has been considerably improved compared with QUADAS[@R16] in terms of assessing the quality of included studies. By using QUADAS-2, four domains, including patient selection, index test, reference standard, and flow and timing, are evaluated to identify the risk of bias, and the first three domains are also assessed in terms of concerns regarding applicability.[@R15]

Disagreements were resolved under discussion between the two review authors (XY and ZZ), with a third author as the final referee (XQ).

Data extraction {#s2-4}
---------------

The following data were extracted to standardise data forms from the selected studies: publication year; study design; eligible population(cause of liver cirrhosis); Child-Pugh score; assessment of PH; test methods; median follow-up; outcome of interest; the statistical method and results for investigating the correlation coefﬁcient between vWF and HVPG; a 2×2 table composed of the value of true positive, false positive, true negative and false negative in which the data were used to calculate the pooled sensitivity, specificity, positive likelihood ratio (PLR), negative likelihood ratio (NLR) and diagnostic OR (DOR). When the HVPG ≥10 mm Hg, PH was deﬁned as CSPH,[@R7] whereas HVPG ≥12 mm Hg was diagnosed as SPH.[@R11]

Data analysis {#s2-5}
-------------

Using Comprehensive Meta-Analysis (V.3, [www.meta-analysis.com](www.meta-analysis.com)), MetaDiSC (V.1.4, [www.hrc.es/](www.hrc.es/)investigacion/metadisc.html) and R (V.3.1.0, [www.r-project.org](www.r-project.org)), we performed a meta-analysis to calculate (1) the pooled sensitivity, specificity, PLR, NLR and DOR for vWF as a marker of CSPH and SPH; (2) the summary receiver operating characteristic (SROC) curve and pooled area under the receiver operating characteristic curve (AUC) for vWF as a marker of CSPH; and (3) the pooled correlation coefﬁcient between vWF and HVPG. All values were reported as point estimates with 95% CIs in parentheses. Funnel plots were drawn to assess the possibility of publication bias.

Heterogeneity was evaluated with inconsistency index (I^2^) tests and was classified as moderate (I²≥30%), substantial (I²≥50%) or considerable (I²≥75%). If heterogeneity existed, a random effects model was used to perform the meta-analysis. For sensitivity and specificity, the Spearman correlation coefficient between those two parameters was calculated to evaluate a threshold effect to determine heterogeneity. Sensitivity analysis was performed by recalculating the summary statistics after removing a single study or groups of studies from the analysis based on characteristics of the study design and aetiology.

Patient and public involvement {#s2-6}
------------------------------

This study did not include patient or public involvement.

Results {#s3}
=======

Literature search {#s3-1}
-----------------

Our literature search process is demonstrated in [figure 1](#F1){ref-type="fig"}. Of the 210 studies identified through the database search, 108 were excluded after removing duplicates. Of the remaining 102 articles screened for eligibility, 87 were excluded after the review of the titles and abstracts, of which 48 were not in the field of interest while the rest were not clinical trials or observational studies. Full texts of the remaining 15 articles were retrieved with nine articles excluded: three articles with partially overlapping patient cohorts; the outcome of two articles was not available even after corresponding with the authors; and the full text was inaccessible for four studies.

![Flow diagram of study selection process. HVPG, hepatic venous pressure gradient; vWF, von Willebrand factor.](bmjopen-2018-025656f01){#F1}

Thus, the remaining six studies were used for qualitative and quantitative review.[@R7]

Quality assessment {#s3-2}
------------------

The result of the quality assessment is shown in [online supplementary figure 1](#SP1){ref-type="supplementary-material"}. The median quality (QUADAS) score ranged from 12 to 14. According to the results, two-thirds of the studies had a low risk of bias in patient selection; the main reason is that these four articles were cohort studies, while the remaining articles with a high risk of bias were case--control studies. Inappropriate exclusion may be the main reason for significant patient selection bias. A case--control study is retrospective; it begins with an outcome to comprehend the cause. However, cohort research studies a group of people who share similar characteristics for a long period of time, which is prospective. Thus, researchers in retrospective studies tend to choose patients who have more positive effects on their study results.
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Study characteristics {#s3-3}
---------------------

A total of 994 patients were included in this meta-analysis. The basic characteristics of the final six studies are summarised in [table 1](#T1){ref-type="table"}. All of the included studies were published after 2010. Furthermore, 67% (4/6) of the studies were prospective in design versus retrospective (33%, 2/6). The patient aetiology in the included studies was composed of a number of different diseases. The study population of people with alcoholic liver disease (n=282) was involved in four studies, viral hepatitis (n=260) in five studies and the aetiology of the remaining patients was unclear. The diagnostic criteria of PH among the six included studies were all HVPG. Regarding the outcome of interest, three studies investigated the diagnostic accuracy in diagnosing CSPH, and two studies investigated the accuracy in diagnosing SPH. In addition, five out of the six studies investigated the correlation between vWF and HVPG measurement. The median follow-up (months) of patients varied among the studies and ranged from 12 to 33 months.

###### 

Characteristics of included studies

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Author\                            Included patients (n)   Study design    Eligible population                                         CPS A/B/C (number\              Assessment of\        Test\                          Median follow-up (months)   Outcome of interest   CSPH   SPH    Correlation                               
  (publishing year)                                                                                                                      of patients)                    portal hypertension   methods                                                                                                                                  
  ---------------------------------- ----------------------- --------------- ----------------------------------------------------------- ------------------------------- --------------------- ------------------------------ --------------------------- --------------------- ------ ------ -------------- ------ ------ ------------ ------------------------------
  Mandorfer *et al* (2018)[@R10]     225                     Prospective     ALD (40.0%) Viral (39.1%) Other (20.9%)                     A (31.6%) B (42.2%) C (26.2%)   HVPG                  Latex agglutination assay      23.9                        HVPG                  NR     NR     NR             NR     NR     NR           Spearman*, r*=0.333

  Ferlitsch *e* *t al* (2012)[@R7]   286                     Prospective     NR                                                          A (51.9%) B (36.1%) C (11.9%)   HVPG                  Fully automated STA analyser   33                          CSPH SPH              85.7   81.3   241%           85.3   75.5   246.5%       Spearman*, r*=0.687

  La Mura *e* *t al* (2011)[@R11]    42                      Prospective     ALD (36.0%) HCV (48.0%) Alcohol+HCV （9.0%） Other (7.0%)   A (52.4%) B (40.5%) C (7.1%)    HVPG                  ELISA                          24                          HVPG                  NR     NR     NR             NR     NR     NR           Pearson*, r*=0.470

  Wu *et al* (2015)[@R17]            60                      Retrospective   HBV (100.0%)                                                A (46.7%) B (31.7%) C (21.7%)   HVPG                  ELISA                          NR                          CSPH SPH HVPG         93.8   58.3   1510.5 mU/mL   87.5   75.0   1414 mU/mL   Linear regression*, r*=0.696

  Hametner *et al* (2016)[@R18]      236                     Retrospective   ALD (39.4%) HCV (23.4%) Other (20.4%)                       A (59.3%) B (23.7%) C (7.6%)    HVPG                  Fully automated STA analyser   NR                          CSPH                  76     71     226%           NR     NR     NR           NR

  Horvatits *et al* (2014)[@R19]     145                     Prospective     ALD (57.9%) HCV (25.5%) Other (16.6%)                       A (27.6%) B (44.8%) C (27.6%)   HVPG                  Fully automated STA analyser   12                          HVPG                  NR     NR     NR             NR     NR     NR           Spearman*, r*=0.430
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ALD, alcoholic liver disease;CPS, Child-Pugh score; CSPH, clinically significant portal hypertension; HBV, hepatitis B virus; HCV, hepatitis C virus; HVPG, hepatic venous pressure gradient; NR, not reported; SPH, severe portal hypertension.

### Meta-analysis for the correlation coefficient between vWF and HVPG measurement {#s3-3-1}

The forest plot of the correlation analysis between vWF and HVPG, which involved five studies, is presented in [figure 2](#F2){ref-type="fig"}. The I^2^ statistic was 89%, indicating significant heterogeneity between the studies. Based on the random effects model, the pooled correlation coefficient was 0.54 (95% CI 0.35 to 0.69), suggesting a fairly moderate correlation between vWF and HVPG using the angiointerventional method with the mm Hg scale.

![Forest plots of the correlation coefﬁcient between von Willebrand factor (vWF) and hepatic venous pressure gradient (HVPG.](bmjopen-2018-025656f02){#F2}

Sensitivity analysis was performed for correlation coefficient analysis ([online supplementary table 1](#SP9){ref-type="supplementary-material"}). Studies were divided into groups according to study design (prospective, retrospective) and population aetiology (virus-associated cirrhosis). The sensitivity analysis failed to reveal a source for the heterogeneity. Nevertheless, no publication bias existed among the studies ([online supplementary figure 2](#SP2){ref-type="supplementary-material"}).
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### Meta-analysis for diagnosing accuracy {#s3-3-2}

For vWF as a measurement to diagnose CSPH, three studies had sufficient data to calculate sensitivity and specificity. In these studies, the descriptive statistics for the diagnostic accuracy of vWF to diagnose CSPH, including sensitivity, specificity, PLR, NLR and DOR, are presented in [table 2](#T2){ref-type="table"}. The pooled sensitivity and specificity were 82% (95% CI 78 to 86) and 76% (95% CI 68 to 83), respectively ([figure 3](#F3){ref-type="fig"}). The summary PLR was 3.11 (95% CI 1.99 to 4.86), and NLR was 0.21 (95% CI 0.11 to 0.40) ([online supplementary figure 3](#SP3){ref-type="supplementary-material"}). The AUC was 0.87 (95% CI 0.80 to 0.94) ([figure 4](#F4){ref-type="fig"}), and the pooled DOR was 15.50 (95% CI 6.30 to 38.15) ([online supplementary figure 4](#SP4){ref-type="supplementary-material"}). No publication bias existed among these studies in the funnel plot since the Egger's test result was non-significant (p=0.848), and the shape of the funnel plot was symmetric ([online supplementary figure 5](#SP5){ref-type="supplementary-material"}).
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###### 

Summary estimates of the diagnostic accuracy of vWF to diagnose CSPH and SPH

                            Study                     Sensitivity (95% CI)     Specificity (95% CI)     Positive LR (95% CI)     Negative LR (95% CI)        DOR (95% CI)
  ------------------------- ------------------------- ------------------------ ------------------------ ------------------------ --------------------------- ---------------------------
  CSPH                      Ferlitsch *et al* [@R7]   0.857 (0.802 to 0.901)   0.813 (0.707 to 0.894)   4.592 (2.854 to 7.388)   0.176 (0.124 to 0.249)      26.143 (13.012 to 52.523)
  Wu *et al* [@R17]         0.938 (0.828 to 0.987)    0.583 (0.277 to 0.848)   2.250 (1.147 to 4.412)   0.107 (0.032 to 0.354)   21.000 (4.082 to 108.040)   
  Hametner *et al* [@R18]   0.758 (0.692 to 0.856)    0.711 (0.541 to 0.846)   2.617 (1.580 to 4.334)   0.341 (0.248 to 0.469)   7.670 (3.542 to 16.612)     
  SPH                       Ferlitsch *et al* [@R7]   0.853 (0.794 to 0.900)   0.750 (0.651 to 0.833)   3.411 (2.400 to 4.847)   0.196 (0.137 to 0.282)      17.357 (9.414 to 32.003)
  Wu *et al* [@R17]         0.875 (0.732 to 0.958)    0.750 (0.509 to 0.913)   3.500 (1.624 to 7.545)   0.167 (0.071 to 0.393)   21.000 (5.287 to 83.414)    

CSPH, clinically significant portal hypertension; DOR, diagnostic OR;LR, likelihood ratio; SPH, severe portal hypertension; vWF, von Willebrand factor.

![Forest plots of pooled sensitivity (A) and specificity (B) for von Willebrand factor (vWF) as markers of clinically significant portal hypertension (CSPH) and forest plots of pooled sensitivity (C) and specificity (D) for vWF as markers of severe portal hypertension (SPH).](bmjopen-2018-025656f03){#F3}

Additionally, regarding vWF as a measurement to diagnose SPH, two studies had sufficient data to calculate sensitivity and specificity. In these studies, the descriptive statistics for the diagnostic accuracy of vWF for diagnosing SPH, including sensitivity, specificity, PLR, NLR and DOR, are presented in [table 2](#T2){ref-type="table"}. The pooled sensitivity and specificity were 86% (95% CI 80 to 90) and 75% (95% CI 66 to 83), respectively ([figure 3](#F3){ref-type="fig"}). The summary PLR was 3.43 (95% CI 2.49 to 4.72), and the summary NLR was 0.19 (95% CI 0.14 to 0.27) ([online supplementary figure 6](#SP6){ref-type="supplementary-material"}), while the pooled DOR was 17.91 (95% CI 10.24 to 31.33) ([online supplementary figure 7](#SP7){ref-type="supplementary-material"}). As a result of less than three studies being involved, the SROC curve and the publication bias could not be calculated.
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![Summary receiver operating characteristic (SROC) curves of von Willebrand factor (vWF) as markers of clinically significant portal hypertension (CSPH). AUC, area under the receiver operating characteristic curve.](bmjopen-2018-025656f04){#F4}

Discussion {#s4}
==========

Diagnosing CSPH and SPH without the use of invasive strategies such as HVPG can be quite challenging.[@R6] A delay in diagnosis can lead to significant morbidity and mortality. vWF is a non-invasive tool that can be used for diagnosis and prognosis.[@R7] Our study is the first meta-analysis that summarises the correlation between vWF and HVPG as measurements to diagnose PH and the diagnostic accuracy of vWF to detect CSPH and SPH.

We included six studies of 994 patients in total, with the majority of studies being prospective in design. Our study revealed that vWF was moderately correlated with HVPG for PH detection. As evidenced by the pooled sensitivity and specificity of 82% and 76%, respectively, and an AUC of 0.87, the diagnostic accuracy of vWF to diagnose CSPH was satisfactory. These results indicate that vWF may be a reliable clinical index without the need of invasive procedures to assess PH independently and can be used for the diagnosis of CSPH. A universal theory to explain the physiopathological mechanism of vWF in patients with cirrhosis was beyond the scope of our study. The elevated levels of vWF in cirrhosis might be a consequence of activated endothelial cells responsible for the interaction between the subendothelium at sites of vascular injury and platelets or endothelial instability resulting from increased shear stress, bacterial infection[@R20] or even the induced expression of vWF in the cirrhotic liver itself.[@R21] A reduced clearance of vWF results from the decreased expression or activity of ADAMTS13 (vWF-Ag cleaving protease). Decreased ADAMTS13 activity is related to capillary occlusion in thrombotic microangiopathy.[@R22] If variation in these factors occurs in the liver, this would potentially influence the natural history of liver disease, gradually intensify PH and therefore underlie their predictive value and diagnostic significance. The fact that vWF mRNA has been shown to be an enhanced factor in the liver endothelium of patients with cirrhosis suggests that the liver endothelium may be a source of increased levels of vWF in patients with cirrhosis, consistent with the well-demonstrated hepatic endothelial dysfunction in cirrhosis.[@R23] Regarding the relatively low correlation coefficient in the previous study,[@R10] vWF predicted the development of variceal bleeding (9% increase in risk per 10% vWF) independently of well-established risk factors (history of variceal bleeding and the value of HVPG). This indicated that endothelial dysfunction might be a potential mechanism of variceal bleeding even beyond HVPG measurement.[@R25]

Other novel diagnostic measurements also showed satisfactory diagnostic performance for CSPH detection (ie, TE).[@R9] Liver cirrhosis measured by TE was also highly correlated with HVPG, as evidenced by the summary sensitivity and specificity of 87.5% and 85.3%, respectively. A higher TE value (ie, ≥20--25 kPa) alone or combined platelet count and spleen size could diagnose CSPH non-invasively according to a previous study,[@R26] which suggested that TE would be more appropriate for screening and monitoring rather than diagnosing. In addition, previous studies assessed interleukin 6 and lipopolysaccharide (LPS)-binding protein, which is an acute phase protein synthesised in response to circulating endotoxins/LPS.[@R27] Furthermore, C-reactive protein has also been shown to be of great prognostic value in patients with cirrhosis,[@R28] even in the absence of active bacterial infections. The level of vWF showed an advantage over other novel measurements with its cost of US\$6 in standard laboratories per patient.[@R7] However, certain known limitations of the application of vWF levels in patients with cirrhosis must be considered because it could be influenced by various factors, such as infections, malignancies, physical training or interferon therapy, which have also been shown to elevate vWF levels.[@R31]

In our meta-analysis, the most critical issue in the calculation of the summary estimates of the diagnostic accuracy was the between-study heterogeneity. As presented in [table 1](#T1){ref-type="table"}, various cut-off values were adopted among the six included studies. In general, higher cut-off values accounted for lower sensitivity and higher specificity. The cut-off value to diagnose CSPH adopted in different studies varied greatly. However, the computed diagnostic threshold showed a negative outcome with p=0.667. As a result of less than three studies being included in the diagnosis of SPH, we did not analyse the heterogeneity source of SPH diagnosis. In the sensitivity analysis of the correlation coefficient ([online supplementary table 1](#SP9){ref-type="supplementary-material"}), the I^2^ statistic of patients with virus-associated PH was reduced from 91% to 65% (\<75%), suggesting that the inhomogeneity in aetiology of the included studies may be the source of heterogeneity. Further studies investigating the diagnostic accuracy of vWF with different aetiologies are expected.

The strengths of our study include its well-validated systematic review methods, the reliable calculation procedure and the results reported based on the PRISMA guidelines. The advantage of this meta-analysis over other studies includes the following:

1.  For our meta-analysis, a comprehensive search in multiple databases and a standardised assessment of methodological quality were conducted with a sufficient assessment of heterogeneity.

2.  All the included studies were published before 5 April 2018, suggesting that our meta-analysis was an update of previous meta-analyses.

3.  Our main research targets were the diagnostic correlation between vWF and HVPG and the diagnostic accuracy of CSPH and SPH in patients with liver cirrhosis. A similar meta-analysis[@R32] discussed the biochemical mechanism and predictive effect of vWF in diagnosing patients with liver cirrhosis without the same classification, which was defined as CSPH as HVPG ≥10 mm Hg and SPH as HVPG ≥12 mm Hg. Our research focused on this category and calculated the sensitivity and specificity separately.

4.  PH was evaluated by the measurement of HVPG in the included studies according to international standards, as described previously.[@R33]

5.  A sensitivity analysis and threshold effects were performed to explore the source of heterogeneity.

Our study has several limitations as follows:

1.  Our research included a relatively small number of studies (six studies), of which two were retrospective with low-level evidence.

2.  The eligible population of the included studies differed slightly in its aetiology.

3.  A clear source of between-study heterogeneity was not found in this meta-analysis.

4.  There were restrictions in the test method and cut-offs owing to the relatively small number of experimental data.

Conclusions {#s5}
===========

Consequently, available data suggested that vWF as a biomarker for the diagnosis of CSPH and SPH in patients with liver cirrhosis moderately correlated with the HVPG measurement. Considering the advantage of vWF, such as its non-invasiveness, low cost and relatively high diagnostic accuracy, vWF may be an effective diagnostic tool for CSPH and SPH.
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